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Abstract
Hurricane Hermine, 2016, impacted the coast of west-central Florida and generated high
waves superimposed on elevated wave levels which caused significant beach erosion. A total of
122 profiles, spaced about 300 m apart, were surveyed 2 weeks before and one week after the
storm to examine the beach changes along three barrier islands along the coast of west-central
Florida. including Sand Key, Treasure Island and Long Key. In order to investigates the longshore
variations of beach/nearshore changes induced by storm, several parameters were defined and
calculated including beach volume changes, berm height, beach width, foreshore slope, as well as
sandbar configurations (sandbar height, bar depth, and bar location). At Treasure Island and Long
Key, the overall volume gain mainly at the seaward slope of longshore bar is largely equal to the
overall volume loss on the dune, dry beach and nearshore, and the volume change represents a
largely conserved sand volume above closure depth. The overall sand loss is slightly larger than
offshore sand gain at Sand Key. The longshore variation of averaged overall erosion from the
dune-beach area represents a general southward decreasing trend, which is consistent with the
southward decreasing wave height distribution.
Most of the foreshore slope and berm height decreased induced by the storm along all three
barrier islands. The only exception occurred at North Sand Key (R55-R72), where berm height
increased from the storm, which is induced by overwash from higher storm waves on north Sand
Key.
The sandbar mostly moved offshore under the storm. Deeper pre-storm sandbar elevation
tends to be associated with smaller sandbar elevation changes. Larger pre-storm sandbar height,
tend to be associated with decreasing in sandbar height from the storm. The systematically
v

measured beach profiles provide a solid dataset to calibrate process-based models to study beach
morphodynamics.

.

vi

Chapter 1: Introduction
Coastal environments such as beaches and barrier islands have a significant impact on the
human life. Nearly 66.7% of the world's population lives within 60 kilometers of the shoreline
(Komar, 1998). For the State of Florida, beach is not only one of the most valuable natural
resources but also of great importance in term of social economics and natural habitats (Houston,
2018).
However, beaches are among the most dynamic environments on the surface of the earth and
considerable erosion can be induced under storm events (Elko and Wang, 2007). Erosion is defined
as a gradual wear and tear of the Earth’s surface under the action of natural wind and water force
(Liu et al., 2011). Beach erosion, a process typically induced by storm surge, strong wave action,
long-term sea level rise and human activities, is normally regarded as a negative sediment transport
gradient. In general, a negative transport gradient includes a greater amount of sediment
transported out as compared to those transported into a specific area in both longshore and crossshore directions (Davis, 2000). Beach erosion is a focus issues for coastal countries around the
world (Van, 2011), for example, US, about 90% of the coastlines are being retreated in the near
future (Heinz, 2000). Storms can cause huge damage to coastal areas, such as extensive beach
erosion, coastal infrastructure damage, and casualties (Houston, 2018). As global warming
intensifies, the magnitude of sea level rise and the frequency of intense storm also increase (Griggs
and Patsch 2019). In other words, coastal cities will face a greater threat from storms in the future.
Therefore, there is an urgent need to systematically record beach changes induced by storms and
accurately assess the effect of various of pre-storm beach profile to storm events.
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Based on beach profiles measured pre and post of Hurricane Hermine 2016, this thesis
investigates beaches morphology changes along the west-central Florida barrier-island coast. The
objective of this study is to 1) investigate the longshore variations of hurricane induced beach
changes; 2) compare the different patterns of beach changes induced by the hurricane; 3) examine
the major controlling factors for the longshore variations.
This thesis is organized as follows. Chapter 1 provides an introduction, a literature review,
and the objectives of this study. Chapter 2 describes the study area and the meteorologic and
oceanographic characteristics of hurricanes Hermine. Chapter 3 discusses the methodology used
in this study. Chapter 4 presents the results of this study. Chapter 5 discusses the research findings.
Chapter 6 provides the conclusions.

1.1 Literature Review
Sand is one of the major components of beach environment and the size of sand grain coast
plays an important role on the rate of sand transport (Van, 2011). Sediments along the west-central
Florida coast are siliciclastic with various amount of carbonate fractions. The components of the
siliciclastic is mostly fine quartz sand with a mean grain size of approximately 0.16 mm and the
components of the carbonate fractions in this area are mainly various sizes of shell debris.
Sand dune, beach, and nearshore environments comprise a natural defense to storm events.
Dune, which is typically of the highest elevation on a barrier island, play an important role in
protecting the landward infrastructure (Conley and Beach, 2003). The size and shape of coastal
dunes is depended on the complex interactions between controlled winds, sediment supply, and
coastal environments (Claudino-Sales et al, 2008).
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The dry beach is in between high tide level and the toe of the sand dune. This is the part of
the beach that typically draws most public attention and is therefore of particular interest to coastal
managers. The dry beach sand also dissipates excessive storm-wave energy and protect the
infrastructures landwards.
Sandbar, located in nearshore zone, is defined as submerged or partly exposed ridge of sand
which is built by waves offshore from the beach. It protects the beach from being eroded by
reducing the incident wave energy arriving at the shoreline. Sandbar affects the spatial distribution
of turbulent energy generated when breaking waves propagate to the coast (Cheng and Wang,
2018). Owing to the complex interactions between the transport of broken-wave sand sediment
transport in the energetic surfzone, sandbar morphology dynamics is still a challenging research
topic (Ruessink and Kuriyama, 2008).
Along the west-central Florida coast, low-lying barrier islands, having low dunes that are
typically less than 4 m, are vulnerable to storm surge and associated overwash processes (Kurz,
1942). Overwash is a process caused by the storm that the sand transported to dune areas and
deposited inland when the waves exceed the height of the dunes. Wang et al. (2006) investigated
the impacts of hurricane Ivan that the overwash deposits originated mostly from nearshore and
dune field on the coast of northwestern Florida.
In general, beach erosion induced by the storm is controlled by two main categories of reasons:
storm factors and beach related factors (Cheng et al, 2021). The storm factors include the center
pressure; the wind speed; the storm track, and the storm duration. The beach related factor relates
to the responding environment, include the sediment size in the vicinity of shoreline; beach width
and height; dune field width and height; characteristic of sandbar, and others features of nearshore
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and offshore bathymetry. These factors control the storm forcing behaviors along the shoreline as
well as the changes of beach and dune induced by the storm (Cheng et al, 2021).
Recently, beach nourishment has become one of the most commonly used methods to
mitigate beach erosion in Florida (Roberts and Wang, 2012; Davis et al, 2000; Dean, 2002).
Various methods have been applied to monitor the beach profile changes for coastal work,
including direct measurement using GPS-RTK (Global Positioning System-Real Time Kinematic)
and remote sensing methods such as airborne LIDAR (light detection and ranging), and UAVs
(Unmanned Aerial Vehicles) (Cheng et al, 2016). LIDAR can effectively and reasonably
accurately characterize beach morphology with high spatial resolution, but the disadvantage of it
is the high cost and the prior required careful organization. Owing to UAVs mainly focus on
subaerial beach and dune, the subaqueous portion of the beach is not adequately resolved (Rodgers
et al., 2019). Total-station surveys, using the principles of level and transit represent, is much less
costly and more feasible than airborne LIDAR and UAV surveys method (Cheng et al, 2016). This
method has been successfully applied along the barrier islands of west-central Florida, which is a
low-energy coast facing the Gulf of Mexico (Cheng and Wang, 2015).
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Chapter 2: Field Study Area
2.1 The introduction of the research area
The west-central Florida coast is made up of a chain of both wave-dominated and mixedenergy barrier islands (Davis and Bernard, 2003). This coast is a low energy environment of which
waves are typically sea-type generated by local winds (Cheng et al, 2016). The tidal range in this
area is less than 1.2 m and the averaged nearshore wave height is normally less than 0.3 m (Wang
and Beck 2012).
Sand Key barrier island, which is the longest barrier island along this coast, has an overall
coastline direction change of 65° from northwest to southwest, controlled by antecedent geology
(Cheng et al, 2021). The boundaries of the Sand Key are composed of the Clearwater Pass in the
north and the John’s Pass in the south which are both mixed-energy with relatively large ebb-tidal
deltas inlets (Gibeaut and Davis 1993). Both of the two ends of the barrier island are significantly
affected by the complex tidal inlet processes (Roberts and Wang 2012). John's Pass, created by
the Hurricane of 1848, is a mixed energy entrance with high and stable vegetation coverage floodtidal (Barnard, 1998). The southward longshore sediment transport used to control the large ebbtidal delta skewing to the south (Wang et al., 2011). Treasure Island, a 4.1 km2 barrier island located
in Pinellas County, is bound to the north by John’s Pass and to the south by Blind Pass. Blind Pass
is a wave-dominated inlet since John’s Pass became the dominant inlet in the north along this coast
(Barnard, 1998). As the John’s Pass gradually captures most of the tidal prism, net longshore
sediment transport causes the Blind pass to migrate rapidly southward (Davis and Barnard, 2003).
A significant trap for the southward longshore transport was made by the wide entrance channel
relative to the small tidal prisms at Blind Pass (Wang and Beck, 2012). This barrier island can be
5

normally divided into three sections: Sunshine Beach, Middle Beach and Sunset Beach. Long Key,
compared to the other barrier islands in the study area, is located in the southernmost along the
coast. Pass-A-Grille inlet, which is one of the subordinate inlets flowing into the greater Tampa
Bay is regarded as the northern border of the Long Key (Cheng et al, 2021).
In the past 30 years, in the cause of reducing the long-term erosion of the changes of coast,
beach nourishment projects have been carried out on the beaches along the three barrier islands
(Roberts and Wang, 2012). All three barrier islands (Figure 1) are developed gradually these
recently years with some hard structures for example, jetties in the nearby area of the shoreline
(Cheng et al, 2021). The water depth changes in the inland shelf were introduced by offshore sand
ridges and ebb-tidal deltas from closed inlets along the study area (Figure 1 left panel). A longshore
variation of incident wave height and wave angle can be effectively caused by the offshore
bathymetry and the presence of the broad headland (Cheng and Wang 2018). The occasional
passage of tropical storms in summer and the passages of cold fronts in winter are normally caused
a higher wave (Cheng et al, 2016). Most of the tropical storm effects during the study period were
related to the near-end passage when the storm crossed the Gulf of Mexico (Cheng et al, 2021).

2.2 Meteorologic and Oceanographic Characteristics of Hurricanes Hermine
Hurricane Hermine, the first hurricane to make landfall in Florida since Hurricane Wilma in
2005, is originated from a tropical wave which moved off the west coast of Africa during the date
August 16th and 17th. This hurricane finally formed a well-defined center of circulation in the
Straits of Florida on August 28th according to the NOAA website. After being designated on
August 29, Hermine gradually enhanced into an 80 mph Category 1 hurricane after being
designated a tropical storm for a few days (Figure 2). The center of the hurricane was more than
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200 km away from the shoreline. Although Hurricane Hermine made a great impact along the
Pinellas County coast such as the increasing of water level and wave height, it did not make a
direct landfall in west-central Florida.

Figure 1. Study area: the beach of Sand Key, Treasure Island and Long Key along the coast of
west-central Florida (modified from Cheng et al, 2021)

Water level variations during this hurricane was measured at NOAA Clearwater Beach
Station (8726724) which is about 5 km north of the Sand Key. Elevation referred to the average
of the lower low water height (MLLW), which is 0.45 m below mean sea level at this location.
Wind direction (WDIR), wind speed (WSPD), wave height (WVHT), dominant wave period (DPD)
and wave direction (MWD) during the hurricane Hermine were measured by the NOAA at the
Station 42036 which is about 200 km WNW of Tampa (Figure 3-Figure 8). WDIR is the direction
where the wind is coming from in degrees clockwise from true N during the eight-minute or two7

minute period. WSPD is wind speed (m/s) averaged over the same period used for WDIR. WVHT
is calculated as the average of the highest one-third of all the wave heights during the 20-minute
sampling period. DPD is the period with the maximum wave energy. MWD is the direction from
which the waves at DPD are coming. The units are degrees from true North, increasing clockwise,
with North as 0 degrees and East as 90 degrees. All these data were collected and downloaded
from the date August 28th to September 5th from the NOAA website.
As we can see in figure 3, the water level at the Clearwater Beach Station during the date
September 1st and 2nd increased rapidly to around 1.3 m which is much higher than the normal
tidal water high (0.5 m).
During the date August 28th and August 30th, the wind direction (Figure 4) was mostly
between 50° and 100° while there was a rapid change of the direction from 91° to 225° on the date
August 31st. At the same time, the wave direction had the same trend with the wind direction,
changed from 89° to 181° (Figure 8). The wind speed experienced minimal fluctuation between
5m/s and 10m/s (Figure 5). The wave height during this period fluctuated slightly between 0.5 m
and 1.5 m, respectively (Figure 6). Generally speaking, the variation of the wave height has a
significant relevance with the wind speed the ranges of the dominate wave period is 4 s to 8 s
(Figures 7).
During the date September 1st and September 2nd, as the hurricane moved northward (Figure
2), wind and wave had a dramatic change after the hurricane arrived. The wind direction changed
gradually from 200° to 260° while the wave direction remained stable at 200°. Wind speed was
changed from 7.6 m/s at the daytime of September 1st and it was reached the highest point at the
speed of 23.9 m/s at the night time of that day. In other words, the wind speed was about 3 times
higher during this period. On September 2nd, a gradual decrease took place in the wind speed from
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the peak of the speed to about 5 m/s. The wave height during these two days followed a similar
pattern as the wind speed: started from 1.7 m, peak at 5.7 m and dropped to 2.4 m at the same time.
The dominate wave period increase gradually from 8 s to the highest point of 12 s while there was
a sharply decrease from the peak and hit a low of 8 s on the morning of date August 2nd around 6
am.
During the date September 3rd and September 5th, the wind speed decreased steadily to 1.6
m/s and then there was a slight increase to the speed of 6.4 m/s during this time. The wave height
gradually decreased to 0.3 m and then it stayed constant around the elevation of 0.5 m. After the
passage of the hurricane the number of the wind direction witnessed a considerable decrease from
267° to 172°, and then after a slightly rise a peak of 344° took place on the date September 5th,
followed by a sharp fall from the highest point to around 50° during that day. Wave direction in
figure shows a similar trend with the wind direction. There was a gradual increase from 200° to
250° and it changed dramatically from 250° to 60° during the date September 5th.

Figure 2. Track of Hurricane Hermine.(modified from Wang et al, 2016)
9

Figure 3. Tidal water level measured at NOAA Clearwater Beach Station (8726724)

Figure 4. Wind direction during Hermine measured at Station 42036
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Figure 5. Wind speed during Hermine measured at Station 42036

Figure 6. Wave height during Hermine measured at Station 42036
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Figure 7. Dominant wave period during Hermine measured at Station 42036

Figure 8. Wave direction during Hermine measured at Station 42036
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Chapter 3: Methodology
Beach-profile surveys were conducted less than two weeks before the storm and one week
after the storm. A total of 148 beach profiles were surveyed along the coast during each of those
periods. The survey lines extend roughly across shore to the approximately at -3 m NAVD88 depth
in this area (Wang and Davis 1999). In this study, 122 Profile ID-R Monuments are compared and
analyzed along the west-central Florida coast. The 122 beach profiles span along the three barrier
islands, including Sand Key (R55-R124), Treasure Island (R127-R143), and Long Key (LK1BLK6, R148-R165).
3.1 Field Methods and Data Analysis
A three-person team is needed to conduct the field survey: one person to record the data with
the instrument, one rod-person to work for the land part and one swimmer for the water portion
(Figure 9). Real Time Kinematic Global Positioning System (RTK GPS) is typically used to
establish the accurate the benchmarks’ and the instrument’s location before conducting each
survey. Elevations of the profiles are referred to NAVD88 in meter of which zero point is 8.2 cm
above mean sea level in this area. The North American Vertical Datum of 1988 (NAVD88) is the
vertical control datum established in 1991 which held fixed the height of the primary tidal
benchmark referenced to the local mean sea level height value (National Geodetic Survey website).
The In this study, the research lines extend to approximately -3 m NAVD88, or short-term depth
of closure (Wang and Davis, 1999). A 4-m long survey rod is used to measure the profile from the
benchmark to short-term closure depth. After the rod person finish the land work, the survey rod
will be delivered to the swimmer for the continue survey in the offshore. It is used to have a 5- cm
diameter flat footer attached to the bottom of the survey rod to prevent the survey rod from sinking
13

into the soft sand (Cheng et al., 2016b). At least two orange cones or wood stick marks visible to
the rod-person are set on the survey line (Figure 9 and 10). The number of cone marks mostly
depends on the beach width. This helps the rod-person and the swimmer to remain on the survey
line. Sometimes, plants in the environment grow and hinder the line of sight from the instrument
point to the reference point. Severe erosion occurs around the original point of the instrument can
be another trouble condition which prevent the instrument from being installed (Cheng et al, 2016).
In order to avoid these special effects, the instrument can be connected to the measurement line in
a place where the line of sight is not blocked, and any instrument position can be used in the device
settings. In other words, the instrument person is used to call “out of line” in this situation (Figure
10)

Figure 9. Beach-profile surveying under regular condition
14

Figure 10. Beach-profile surveying under special condition

3.2 Parameters required for beach analysis

In order to investigates the longshore variations of beach changes induced by storm, several
parameters were defined in this study to represent the profile changes (Figure 11) including beach
width, foreshore slope, sandbar configurations, and berm height.
The beach width is computed as the cross-shore distance between the 0.3 m and 1.3m
NAVD88 elevation in the beach profiles.
The foreshore slope is the gradient between the mean high-water level (MHW) and the mean
low water level (MLW), which are 0.283 m and -0.294 m NAVD88 elevation, respectively
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according to NOAA gauge station. The value of foreshore slope is counted as the ratio of the
vertical elevation between MHW and MLW to the offshore distance.
The berm is defined as a nearly horizontal shore parallel ridge, formed by the action of wave
uprush above the sea level. The berm height is defined as the elevation of the berm crest with
respect to NAVD 88.
The sandbar features are significant component of a beach profile (Wang and Davies, 1998).
The parameters of sandbar also have great importance of connotations on the beach performance
(Roberts and Wang, 2012). Sandbar height can be computed by using the elevation of bar crest
and trough which are determined from the beach profiles. Sandbar depth is defined as the
NAVD88 elevation of the bar crest. Sandbar location is recorded as the offshore distance of the
sandbar crest in regard to the benchmark.

3.3 Dune-beach-sandbar system
In this study, we use the Regional Morphology Analysis Package (RMAP) which is
developed by the U.S. Army Corps of Engineers to calculate the beach profile volume changes
(Cheng et al, 2021). In order to better quantify and analyze the volume changes in different parts
of a dune-beach-sandbar system, the statistics of data can be divided into four parts across the
shore: dune field, dry beach zone, entire zone of dune-beach erosion and the offshore zone of sand
gain (Figure 12).
Use profile R63 which is located on the north part of the Sand Key as an example, the dune
field is define as the area above 1.3 m NAVD88 elevation, while the dry beach zone is defined
here as the area between 0.3 m and 1.3 m NAVD88 (Figure 11). The nearshore location where the
pre-storm and post-storm beach profiles crossed each other is regard as the boundary between the
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entire zone of dune-beach erosion and offshore zone of sand gain. In the case of the profile R63,
the dividing line can be calculated as approximately 102 m of landward distance.

Figure 11. Definition sketch of beach and sandbar morphological parameters

17

.
Figure 12. An example of beach profile illustrating the fore cross-shore zones

18

Chapter 4: Results
4.1 Typical beach-profile changes induced by hurricane Hermine
There are 122 profiles about longshore variations of beach-profile changes were measured.
Figure 13-18 show six representative example of beach profiles. Generally speaking, sand loss
occurs most in dune areas, dry beaches, and nearshore zones, while sand gain occurs most in the
seaward slopes of the sandbars. It is clear to see that the sandbar locations were moved offshore
by the storm in most of the profiles.
Using the profile R78 located in the northern part of the Sand Key as an example (Figure 13)
illustrates the general pattern of this change. Based on R78, the dune field were eroded by the
storm with the dune line retreated landward by 7.0 m. Dune field above 1.3 m lost about 3.8 m3/m
of sand. It is clear that a new berm was generated at the location approximately 60 meters away
from the benchmark. Dry beach line, as represented by the 0.3 m NAVD88 contour, retreated about
8.0 m landward and the total sand loss on the dry beach is about 5.8 m3/m. Induced by the storm,
the sandbar location moved offshore from 120.0 m to 146.0 m from the benchmark and the
foreshore slope in this section increase approximately 0.014. The sandbar height decreased 0.12
m while there is a slight increase (about 0.02 m) in the sandbar depth.
Profile R151 which is located on Long Key, can be used as an example to illustrate that the
storm berms are normally formed at the beach profile locations which has a wide pre-storm back
beach. As we can see in figure 14, an increase of sand volume occurred on a dry beach between
70 and 100 meters of the cross-shore distance and part of the sand on the back beach causes the
overall elevation of the storm berm to be higher. This profile (Figure 14) shows that the dune line,
as represented by 1.3 m NAVD 88 contours, moved seaward about 3 m with a sand volume gain
19

of about 6.3 m3/m. Different from the profile R78 (Figure 13), R151 had an active berm at about
114.0 m from the benchmark before the storm. The elevation of the berm height decreased about
0.25 m indicating that erosion occurred on dry beach. The dry beach lost about 2.0 m 3/m of sand
while the foreshore slope in this section was largely unchanged. The same as the profile R78, the
sandbar location moved offshore from 170.0 m to 190.0 m from the benchmark. Influenced by the
hurricane, a sharply drop (about 0.34 m) in the sandbar height took place while the sandbar depth
had a slight increase from 0.68 m to 0.83 m.
As another example of pre-storm wide beach, figure 15 provides that the dune field at the
profile R133 on Treasure Island which is far more from the shoreline was basically unchanged due
to the protection from the beach. It is clear to see that, the dune line moved landward minimally
about 2.0 m with a small amount of sand volume gain of about 0.15 m3/m. Similar to profile R78,
there was a post-storm berm with the elevation of 0.6 m generated after the hurricane Hermine.
Dry beach line retreated about 4.0 m landward and the total sand loss on the dry beach is about
15.9 m3/m. The same as the profile R151, the foreshore slope in this section was basically
unchanged. The sandbar height decreased approximately 0.22 m while there is a slight increase
(about 0.14 m) in the sandbar height during the storm.
Figure 16 and Figure 17 can be examples of narrow pre-storm beaches. As we can see in the
profile location R108 which is located on southern Sand Key, the entire dry beach eroded by severe
scour occurred along the seawall after the storm. This profile (Figure 16) shows that the dune line
is basically unchanged with a small amount of sand volume loss of 0.5 m3/m. The same as the
profile R151, R108 had an active pre-storm berm at about 18.0 m from the benchmark and the
elevation of the berm height decreased about 0.3 m after the storm. The dry beach line retreated
about 2.0 m landward and the total sand loss on the dry beach is about 4.9 m3/m. Different from
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the profile R151, the sandbar location moved seaward from 70.0 m to 80.0 m from the benchmark.
The sandbar height increased 0.25 m and there is a slight increase (about 0.14 m) in the sandbar
depth at the same time.
Along sections with a narrow pre-storm beach which has a dune scarp existed before the
storm, for example, in the profile R140 (Figure 17), it is clear to see a whole dry beach erosion
with the dune scarp moved landward slightly about 2.0 meter with a sand volume loss of 2.5 m3/m.
The same as the profile R78, R140 had a post- storm berm at about 19.0 m from the benchmark.
Different from the other profiles, the sandbar location moved landward from 81.0 m to 65.0 m
from the benchmark and the foreshore slope in this section increase approximately 0.031 induced
by the storm. There is a slight increase (about 0.28 m) in the sandbar height while the sandbar
depth decreased marginally of 0.19 m in this section.

Figure 13. Example of beach-profile changes: R78 at northern Sand Key
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Figure 14. Example of beach-profile changes: R151 at the middle of Long Key

Figure 15. Example of beach-profile changes: R133 at northern Treasure Island
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Figure 16. Example of beach-profile changes: R108 at southern Sand Key

Figure 17. Example of beach-profile changes: R140 at southern Treasure Island
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4.2 Beach-profile volume changes induced by hurricane Hermine
In this section, data comparison and analysis are mainly based on the dune-beach-sandbar
system and typically divided the system into four parts: dune field, dry beach, the overall dunebeach erosion and the overall offshore sand gain.
For Sand Key, along 21 km of the study area, sand loss in the dune field is a total of 44,800
m3 and the dry beach lost 110,600 m3 of sand (Figure 19). Including the dune field, dry beach, and
nearshore erosion, the overall erosion of sand loss along Sand Key is 367,900 m3 with most of the
sand loss occurring from the nearshore erosion (57.8%). The overall deposition in the offshore
area is a total amount of sand gain of 221,400 m3. In other words, only about 60.2% of the sand
loss from the dune, dry beach, and nearshore area can be accounted for by the deposition in the
offshore area. On the whole, most of the beach profiles had a sand volume loss in the dune filed
except for R58A, R59, R62, R99-R100A and R124. Particularly, dune field of R124 gain the
largest volume of sands which was about 5.1 m3/m. Sand loss in the dry beach area were mostly
under 10 m3/m except for R57A, R58A, R83-R84, R85A- R87 and R93. Compared the differences
between profiles along the Sand Key with the overall dune-beach erosion and the overall offshore
sand gain, this study area can be divided into two parts: R55-R91 and R92-R124. As we can see
in the first part of the beach profile locations, nearly all of them had the overall erosion of sand
loss higher than 20 m3/m and the overall deposition of sand gain higher than 10 m3/m. While in
the other part the locations, the overall erosion of sand loss is mostly lower than 10 m 3/m and the
overall deposition of sand gain in the offshore area is also lower than 10 m3/m. It is worthy to note
that the maximum beach-profile volume loss at Sand Key is at profile location of R93 with the
overall volume loss of 57.7 m3/m.
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Along the 4.8 km of the Treasure Island studied area, sand loss in the dune field is a total of
600 m3 and the dry beach lost 21,000 m3 of sand (Figure 20). Including the dune field, dry beach,
and nearshore erosion, the overall erosion of sand loss along Sand Key is 52,800 m3 with most of
the sand loss occurring from the nearshore area (59.0%). The overall deposition in the offshore
area is a total amount of sand gain of 52,400 m3. Therefore, about 99.2% of the sand loss from the
dune, dry beach, and nearshore area can be accounted for by the deposition in the offshore area.
Different from the Sand Key, the overall amount of sand gain in the offshore area is almost the
same as the sand volume loss in the dune-beach area. It is worthy to note that the largest amount
of sand loss at Treasure Island is at profile location of R135A, with the overall volume loss of 24.4
m3/m. By contrast, the beach profile at R141 experienced the fewest sand volume loss of 0
(basically unchanged).
For Long Key, along the 6.3 km of the study area, sand gain in the dune field is a total of
5,500 m3 and the dry beach lost 38,000 m3 of sand (Figure 20). Including the dune field, dry beach,
and nearshore erosion, the overall erosion of sand loss along Sand Key is 61400 m3 with most of
the sand loss occurring from the dry beach (61.9%). The overall deposition in the offshore area is
a total amount of sand gain of 53,900 m3. Therefore, about 87.8% of the sand loss from the dune,
dry beach, and nearshore area can be accounted for by the deposition in the offshore area. Different
from the other two barrier islands (Sand Key and Treasure Island), most of profiles along Long
Key show a sand gain rather than sand volume loss in the dune field. Especially the beach profile
location LK6, the largest amount of sand gain can be found (about 8.0 m3/m). The reasons for this
special change may be that the overwash took place at various places along the Long Key.
Overall, for all three barrier islands, a total amount of sand loss from the dune field, dry beach
and the nearshore area is 482,100 m3 and the overall deposition in the offshore area is a total
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amount of sand gain of 327,200 m3. According to this, about 67.9% of the sand loss from the dune,
dry beach, and nearshore area can be accounted for by the deposition in the offshore area.
The longshore averaged overall erosion from the dune-beach area represents a general
southward decreasing trend, with the values at Sand Key, Treasure Island, and Long Key being
18.1 m3/m, 11.2 m3/m and 9.1 m3/m, respectively. This southward skew of sand volume loss
consistent with the southward decreasing trend of volume change induced by Hurricane Eta 2020
(Cheng et al., 2021).
The overall volume gain mainly at the seaward slope of longshore bar is roughly equal to the
overall volume loss at Treasure Island and Long Key (Figure 20-21). On the contrary, the overall
sand volume loss on the Sand Key is pretty much larger than the volume of offshore sand gain.
This phenomenon may explain the longshore transport direction during the storm was towards the
north.

Figure 19. Profile volume change above the dune line, above the mean high tide level, overall
erosion and overall deposition on Sand Key
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Figure 20. Profile volume change above the dune line, above the mean high tide level, overall
erosion and overall deposition on Treasure Island

Figure 21. Profile volume change above the dune line, above the mean high tide level, overall
erosion and overall deposition on Long Key
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4.3 Sandbar location changes induced by hurricane Hermine
Along the study area of Sand Key, the pre-storm sandbar locations exhibit considerable
longshore variations. The beach profile location from R57 to R61 experienced a large range of
nearshore sandbar locations with 142 m to 66 m landward from the benchmark (Figure 22). For
R103 to R109, the sandbar location experienced a considerable landward move with the location
change from 149 m to 69 m, followed by a gradual seaward move from 86 m to 189 m for the
beach profile location R110 to the south end of the Sand Key area at the location R124. After being
impacted by the storm, the post-storm sandbar location had the overall same trend with the prestorm one. Most of the sandbar location moved seaward for average 20 m after the storm. Except
for the profile location R80, the sandbar location moved landward with the location change from
108 m to 86 m away from the benchmark after the storm.
For Treasure Island, the pre-storm sandbar location moved gradually offshore from 320 m to
81 m in the beach profile location R131 to R140, from north to south (Figure 23). The same as the
sandbar location changes at the Sand Key area, the post-storm sandbar location had the overall
same trend with the pre-storm location. It is clear that, for R131 to R135, the sandbar location all
moved seaward for average 13 m. To the contrary, the sandbar location moved slightly landward
for average 7.5 m for the beach profiles R136 to R139.
Along the study area of Long Key, the pre-storm sandbar locations exhibit considerable
longshore variations. The beach profile location from LK5 to R160 experienced a large range of
nearshore sandbar locations with a distance of 78 m seaward to 196 m from the benchmark. As is
shown in the figure, most of the post-storm sandbar location moved seaward induced by the storm.
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Figure 22. Changes of sandbar location at Sand Key

Figure 23. Changes of sandbar location at Treasure Island

Figure 24. Changes of sandbar location at Long Key
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4.4 Sandbar depth changes induced by hurricane Hermine
Along the study area of Sand Key, pre-storm sandbar depth at R55 to R124 is mostly between
0.8 m and 1.4 m (Figure 25). In particular, the largest number of sandbar depth is 2.03 m at the
profile location R117, and the lowest sandbar depth is at R58 with 0.64 m. In general, the changes
of sandbar depth fluctuated between increase and decreased in this study area. Particularly, the
maximum decrease of the sandbar depth is at the beach profile location R64 with about 0.25 m
and the sandbar depth increase most at R110 with approximately 0.36 m.
For Treasure Island, for the profile location R131 to R143, pre-storm sandbar depth is
basically at the range of 0.5 m to 1.1 m (Figure 26). It is clear that the sandbar depth increased at
R131 to R135 while the sandbar depth decreased at the beach profile location R126 to R140.
Typically, the maximum decrease of the sandbar depth is at the beach profile location R138 with
about 0.39 m and the sandbar depth increase most at R142 with approximately 0.26 m in this area.
Along the study area of Long Key, for the profile location LK4A to R160, pre-storm sandbar
depth is basically at the range of 0.2 m to 1.6 m (Figure 27). In general, both of the pre- and poststorm sandbar depth increased gradually from north to south part of this barrier island. Particularly,
the largest number of sandbar depth is shown at the profile location R160 for 1.54 m. Different
from Sand Key and Treasure Island, most of the sandbar depth increased at the profile location
after the storm. In particular, the maximum decrease of the sandbar depth is at the beach profile
location LK7 with about 0.09 m and the sandbar depth increase most at LK5 with approximately
0.56 m.
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Figure 25. Changes of sandbar depth at Sand Key

Figure 26. Changes of sandbar depth at Treasure Island

Figure 27. Changes of sandbar depth at Long Key
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4.5 Sandbar height changes induced by hurricane Hermine
Along the study area of Sand Key, the pre-storm sandbar height was by and large increase
from 0.2 m to 0.9 m at the beach profile location R59 to R92 (Figure 28). For R103 to R111, the
sandbar height witnesses a general decrease changed from 0.9 m to 0.25 m, followed by a gradual
increase from R110 to the south end of the Sand Key area at the location R124. After the storm,
for R57 to R76, the sandbar height increased at most of the beach profile. While the sandbar height
decreased at most of the R77 to R124 profile location except for the profile location R86 of which
sandbar height increased significantly from 0.66 m to 1.03 m.
For Treasure Island, for the profile location R131 to R143, pre-storm sandbar height is mostly
at the range of 0.22 m to 0.5 m (Figure 29). It is clear that most of the sandbar height decreased at
the profile location after the storm except for the location R131 and R135. Typically, the maximum
decrease of the sandbar height is at the beach profile location R142 with about 0.55 m and the
sandbar height enlarge most at R131 with approximately 0.41 m in this area.
Along the study area of Long Key, for the profile location LK4A to R162, pre-storm sandbar
height is mostly at the range of 0.2 m to 1.2 m (Figure 30). As a whole, the sandbar height of the
beach profile location began to gyrate up from LK4A to R155. On the contrary, for the profile
location R156 to R162, sandbar height decreased gradually in this area. Particularly, the largest
number of sandbar height is shown at the profile location R155 for 1.16 m. Different from the
Sand Key and Treasure Island, the changes of sandbar height cannot present a clear pattern. In
particular, the maximum decrease of the sandbar height is at the beach profile location R151 with
about 0.34 m and the sandbar height increase most at R148 with approximately 0.81 m.
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Figure 28. Changes of sandbar height at Sand Key

Figure 29. Changes of sandbar height at Treasure Island

Figure 30. Changes of sandbar height at Long Key
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4.6 Beach width changes induced by hurricane Hermine
Along the study area of Sand Key, pre-storm beach width at R55 to R86 is mostly between
10 m and 20 m. For the profile location R87 to R124, most of the pre-storm beach width became
much wider at the range of 20 m to 40 m. In particular, the largest number of beach width is 62 m
at the profile location R104A. In general, the width of the beach increased gradually from north to
south in this area. Induced by the storm, the beach width decreased at most of the profile location.
Particularly, the maximum decrease of the beach width is at the beach profile location R100A with
about 18 m and the beach width enlarge most at R78 with approximately 12 m.
For Treasure Island, for the profile location R127 to R134, pre-storm beach width is basically
at the range of 30 m to 40 m (Figure 32). Pre-storm beach width at R135 to R143 is between 10 m
and 20 m. As a whole, the width of the beach decreased gradually from north to south. Most of the
beach width decreased at the profile location in this area after the storm except for the location
R129 and R137. Typically, the maximum decrease of the beach width is at the beach profile
location R130 with about 16 m and the beach width enlarge most at R129 with approximately 19
m in this area.
Along the study area of Long Key, for the profile location LK1B to R150, pre-storm beach
width is basically at the range of 10 m to 30 m (Figure 33). In the middle area of this barrier island,
location R151 to R160, the beach width grows much larger at around 40 m. Particularly, the largest
number of beach width is shown at the profile location R152 for 87 m. And then, at the south end
of this barrier island, the beach width is between 20 m and 30 m at the profile location R161 to
R165. The same as the Treasure Island, most of the beach width at the profile location decreased
after the storm except for the location LK3A to LK4 and R161 to R164. In particular, the maximum
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decrease of the beach width is at the beach profile location R154 with about 18 m and the beach
width enlarged most at R163 with approximately 14 m.

Figure 31. Changes of beach width at Sand Key

Figure 32. Changes of beach width at Treasure Island

Figure 33. Changes of beach width at Long Key
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4.7 Foreshore Slope changes induced by hurricane Hermine
Along the study area of Sand Key, pre-storm foreshore slope at R66 to R105 is mostly
between 0.05 and 0.1 (Figure 34). For the profile location R55 to R65A and R106 to R124, most
of the pre-storm foreshore slope was much higher at the range of 0.1 to 0.2. In particular, three
larger number of foreshore slope is 0.19, 0.19, and 0.29 at the profile location R56, R112 and R124,
respectively. Induced by the storm, the foreshore slope decreased at most of the profile location
except for the location R65 to R83. Particularly, the maximum decrease of the foreshore slope is
at the beach profile location R111 and R124 with about 0.10 and the most significant increase of
foreshore slope occurred at R80 with approximately 0.54 m.
For Treasure Island, for the profile location R127 to R143, pre-storm foreshore slope is
basically at the range of 0.02 to 0.15 (Figure 35). Overall, most of the foreshore slope was
unchanged or decreased at the profile location in this area after the storm except for the location
R130 and R134. Typically, the maximum decrease of the foreshore slope is at the beach profile
location R140 with about 0.03 and the foreshore slope increase most at R130 with approximately
0.54 in this area.
Along the study area of Long Key, for all profile location LK1B to R165, pre-storm foreshore
slope is basically at the range of 0.05 to 0.15 (Figure 36). Particularly, the largest number of
foreshore slope is shown at the profile location LK5A for 0.19. It is clear that, most of the foreshore
slope at the profile location decreased after the storm except for the location LK2A of which the
foreshore slope increased sharply from 0.14 to 0.58.
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Figure 34. Changes of foreshore slope at Sand Key

Figure 35. Changes of foreshore slope at Treasure Island

Figure 36. Changes of foreshore slope at Long Key
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4.8 Berm height changes induced by hurricane Hermine
Along the study area of Sand Key, pre-storm berm height at R61 to R124 is mostly between
0.4 m and 0.8 m (Figure 37). For the profile location R55-R60, R76 to R80 and R85 to R89, most
of the pre-storm berm height became much higher at the range of 0.8 m to 2.2 m. In particular, the
largest number of berm height is 2.1 m at the profile location R85A. Induced by the storm, the
berm height at north part of Sand Key (R55-R72) increased slightly while the berm height was
decrease with the beach profile location in the middle and south part of this area. Particularly, the
maximum decrease of the berm height is at the beach profile location R86 with about 1.14 m and
the berm height enlarge most at R71 with approximately 0.32 m.
For Treasure Island, for the profile location R127 to R134, pre-storm berm height is basically
at the range of 0.7 m to 0.9 m (Figure 38). Pre-storm berm height at R127 to R132 shows a larger
fluctuation between 0.8 m and 1.8 m. As a whole, most of the berm height decreased at the profile
location in this area after the storm except for the location R131 which was basically unchanged.
Typically, the maximum decrease of the berm height is at the beach profile location R130 with
about 0.29 m and the berm height enlarge most at R142 with approximately 0.12 m in this area.
Along the study area of Long Key, for the profile location R151 to R164, pre-storm berm
height is basically at the range of 0.6 m to 0.8 m (Figure 39). At the location LK1B to R150, most
of the beach profiles cannot be identified clearly by the berm height changes. Particularly, the
largest number of berm height is shown at the profile location R154 for 1.82 m. The same as
Treasure Island, most of the berm height at the profile location decreased after the storm. In
particular, the maximum decrease of the berm height is at the beach profile location R154 with
approximately 1.42 m.
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Figure 37. Changes of berm height at Sand Key

Figure 38. Changes of berm height at Treasure Island

Figure 39. Changes of berm height at Long Key
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Chapter 5: Discussion
The effect of the pre-storm status of beach/nearshore features on their change induced by
storm was investigated in this section. The investigated parameters include beach volume change,
beach width, foreshore slope and berm height as well as sandbar configurations (sandbar location,
sandbar depth, and sandbar height) Figure 40-45 show the linear relationship between the value of
pre-storm features and their corresponding changes induced by the storm.
Figure 40 indicates that there is no significant linear correlation between pre-storm sandbar
location and the change induced by storm. Most of the sandbar location moved seaward after the
storm. This is generated by intense undertow from high waves from the storm (Cheng et al., 2018).
Figure 22 indicates that the sandbar is located furthermore seaward at both ends of the beach profile
location as compared to middle part of this area at Sand Key. This feature may show the fact that
complex tidal inlet processes have significant influences on sandbar location.

Figure 40. A linear relationship between the pre-storm sandbar location and the changes induced
by the storm
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A negative correlation between pre-storm sandbar depth and the change induced by the storm
exists in figure 41. The p value (p=0.0031, which is less than 0.05) suggests that the correlation is
significant. In other words, deeper pre-storm sandbar elevation, tend to be associated with small
sandbar elevation changes. Similarly, shallower pre-storm sandbar elevation causing stronger
wave breaking, and therefore, big bar depth change would occur.
Figure 42 shows a negative correlation between pre-storm sandbar height and the change
induced by the storm, similar to the pattern with sandbar depth changes. The p value (p=0.0186,
which is less than 0.05) suggests that the correlation is significant. In general, larger pre-storm
sandbar height, tend to be associated with decreasing in sandbar height from the storm.

Figure 41. A statistically significant correlation exists between the pre-storm sandbar depth and
the changes induced by the storm
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Figure 42. A statistically significant correlation exists between the pre-storm sandbar height and
the changes induced by the storm
As it is shown in Figure 43, a low negative correlation between pre-storm beach width and
the change induced by storm exists. The p value (p=0.0728, which is higher than 0.05) suggests
that the correlation is not significant.

Figure 43. A linear relationship between correlation exists between the pre-storm beach width
and the changes induced by the storm
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Figure 44 shows that there is no significant linear correlation between pre-storm foreshore
slope and the change induced by storm. The majority of the foreshore slope experienced decreasing
from the storm. The decreased foreshore slope is as a result of erosion on the dune and dry beach,
and deposition on the nearshore area.

Figure 44. A linear relationship between the pre-storm foreshore slope and the changes induced
by the storm
In Figure 45, there is no significant linear correlation between pre-storm berm height and the
change induced by storm. The pre-storm berm height which is higher than 1.5 m is more likely to
increase after the storm. Figure 37-39, which illustrate the changes of berm height at the three
barrier islands, show nearly all the berm heights decreased slightly after the storm except for the
beach profile location at north Sand Key from R55 to R72, where a slightly increase of berm height
took place. Owing to the nearshore wave height decrease gradually from north to south along the
shoreline (Figure 1), the higher storm waves at north Sand Key (Cheng, et al., 2021) may have
caused overwash in this area, and results in increasing in berm height. This is consistent with field
observation of overwash deposit at north Sand Key post the passage of hurricane Hermine, 2016.
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Figure 45. A linear relationship between the pre-storm berm height and the changes induced by
the storm

.
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Chapter 6: Conclusion
Hurricane Hermine, 2016, impacted the coast of west-central Florida and generated high
waves superimposed on elevated wave levels which caused significant beach erosion. A total of
122 profiles, spaced about 300 m apart, were surveyed 2 weeks before and one week after the
storm to examine the beach changes along three barrier islands along the coast of west-central
Florida. including Sand Key, Treasure Island and Long Key. In order to investigates the longshore
variations of beach/nearshore changes induced by storm, several parameters were defined and
calculated including beach volume changes, berm height, beach width, foreshore slope, as well as
sandbar configurations (sandbar height, bar depth, bar location). At Treasure Island and Long Key,
the overall volume gain (52,800 m3 and 61,400 m3) mainly at the seaward slope of longshore bar
is largely equal to the overall volume loss on the dune, dry beach and nearshore (52,400 m 3 and
53,900 m3), and the volume change represents a largely conserved sand volume above closure
depth. The overall sand loss (367,900 m3) is slightly larger than offshore sand gain (221,400 m3)
at Sand Key. The longshore variation of averaged overall erosion from the dune-beach area
represents a general southward decreasing trend, with the values at Sand Key, Treasure Island, and
Long Key being 18.1 m3/m, 11.2 m3/m and 9.1 m3/m, respectively, which is consistent with the
southward decreasing wave height distribution.
Most of the foreshore slope and berm height decreased induced by the storm along all three
barrier islands. The only exception occurred at North Sand Key, where berm height increased from
the storm, which is induced by overwash from higher storm waves on north Sand Key.
The sandbar mostly moved offshore under the storm. Deeper pre-storm sandbar elevation
tends to be associated with smaller sandbar elevation changes. Similarly, shallower pre-storm
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sandbar elevation, causing stronger wave breaking, and therefore, a large bar depth change would
occur. Larger pre-storm sandbar height tends to be associated with decreasing in sandbar height
from the storm. The systematically measured beach profiles provide a solid dataset to calibrate
process-based models to study beach morphodynamics.
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